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Abstract  Theoretical investigation on a highly efficient quasi-optical mode converter for a 0.42THz-TE17,4 

gyrotron is presented in this paper. The converter consists of a dimpled-wall Denisov-type launcher and three 
mirrors. Based on the coupled-mode theory, the vector diffraction theory, and phase unwrapping technique, a 
computer code has been developed to evaluate the field distributions, which agrees well with the simulated result. It 
shows that a well-focused wave beam is achieved with a high Gaussian mode purity (scalar content greater than 
99.1%, vector content greater than 97.3%) and high power conversion efficiency of greater than 97.4% at the output 
window. 
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【摘要】针对0.42 THz-TE17,4模式回旋管研究了一种高效率准光模式变换器。该模式变换器由Densiov型辐射器、准椭圆

镜和两个相位校正镜组成。采用了耦合波理论分析波导辐射器的工作机理，矢量绕射理论计算开口辐射器和反射镜面上的场

分布，并运用KSA算法和相位解缠绕技术对相位校正镜面进行优化设计。通过编程计算得到的数值计算结果与软件模拟结果

高度一致。结果表明从Denisov型辐射器辐出射的能量经过镜面系统聚焦校正之后，在输出窗处转化为标量和矢量高斯成分分

别高于99.1%和97.3%的束斑，其能量转换效率高于97.4%。 
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Quasi-optical mode converters (QOMC) are 
mainly applied in high power gyrotrons in millimeter 
and sub-millimeter wave range by transforming the 
cavity-generated high-order cylindrical waveguide TE 
modes into linearly polarized fundamental Gaussian- 
like beams, which can be directly used for low-loss 
transmission in free space[1-2]. The QOMC inside the 
gyrotron vacuum envelope directly after the cavity 
enables separation of the spent electron beam from the 
RF power. That allows for a depressed collector, which  

increases tube efficiency and decreases the size and 
cooling requirements for collector[3-4]. QOMC is a 
proper combination of a specific mode-converting 
waveguide slot radiator (launcher) together with a few 
curved mirrors[5-6]. In order to get a superior quality 
output beam with low diffraction losses and high purity, 
a dimpled-wall (Denisov-type) launcher and a mirror 
system are usually adopted[7-8]. 

1  Launcher 
The Denisov-type launcher with deformed wall 
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converts the high-order waveguide mode into 
Gaussian-like distribution on the waveguide wall 
before it is radiated from the waveguide cut[9]. 
Currently, many kinds of methods have been proposed 
for analysis and synthesis of the launcher, such as 
analytical methods, formulation of the scalar integral 
equation (SIE), and the magnetic field integral 
equation (MFIE)[10-14]. In this paper, an improved 
method for analyzing the radiation characteristic of the 
Denisov-type launcher is employed[15-16]. Through 
decomposing the launcher into an open-end waveguide 
and a helical cut, radiations from the launcher could be 
represented in terms of radiation fields by the circular 
waveguide and the helical cut. The coupled-mode 
theory is adopted to investigate the dimpled-wall 
Denisov-type launcher, where the waveguide tapper is 
also taken into account[17]. The vector diffraction 
theory[18-19] is used to analyze the radiated fields. The 
radiated electromagnetic waves at an observation point 
can be calculated with the Stratton-Chu formula, which 
is a vector formulation of Huygens’ principle, by 
integrating the response to the point source Green’s 
function over all source regions. Based on 
abovementioned method, a computer code has been 
developed for calculating the field of the launcher. For 
a 0.42 THz-TE17,4 gyrotron, the profile of the launcher 
inner wall can be described as 

0 1 1 1 2 2 2R cos( ) cos( )r z z l z lα δ β ϕ δ β ϕ= + + Δ + + Δ + (1) 
where 0 4 mmr = , 0.004α = , 1 22 mδ = μ and 2δ =

37 mμ , 1
1 0.582 mmβ −Δ = and 1

2 0.061 mmβ −Δ = , 

1 1l = and 2 3l = , and ϕ and z are the angular and axial 
coordinates, respectively. 
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Fig. 1. Normalized field distribution on the unrolled waveguide 
wall of the launcher (The red line represents the launcher cut) 
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Fig. 2. Normalized field distribution at the waveguide port 

before the helical cut 
The field distribution of the launcher evaluated by 

the coupled-mode method is shown in Fig. 1, which is 
evaluated over the entire launcher wall surface from 0 
to 43.02 mm for z and 0 to 2π for ϕ . At 0z = , 
corresponding to the start of the wall variation, a pure 
rotating TE17,4 mode is injected. By travelling along 
the z axis, the power of the main mode is coupled into 
several mixed modes through the wall perturbations to 
form a Gaussian-like filed distribution on the 
waveguide wall. The helical cut of the launcher is 
located at 4.26 radθ = , begins at 32.35 mmz = , and 
the cut length is 10.67 mm. Fig. 2a shows the field 
distribution of the waveguide port before the helical 
cut, which is compared with the result shown in Fig. 
2b simulated by a commercial electromagnetic 
simulation software FEKO. Regarding the field shown 
in Fig. 2 as an original source, the field on the helical 
cut is evaluated by using the improved method and 
modified Stratton-Chu equations. The result in Fig. 3a 
is calculated with the code and the result in Fig. 3b is 
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obtained by using the simulation tool. The results 
indicate that the field intensities are very small along 
the Denisov-type launcher cut, which can effectively 
decrease the diffraction losses, and the field can be 
radiated directionally without side lobes by the 
launcher. 
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Fig. 3. Normalized field distribution on the launcher 

2  Mirrors 
In order to get an output beam with a higher 

conversion efficiency and higher correlation 
coefficients to the desired fundamental Gaussian mode, 
a quasi-elliptical mirror and two adapted phase- 
correcting mirrors are used to reflect and focus 
radiated fields from the launcher. The quasi-elliptical 
mirror is a kind of bifocal mirror which has been 
studied[20]. And focal lengths of the quasi-elliptical 
mirror should be carefully designed for matching the 
asymptotic beam growth (ABG) angle 0 0 0/( )θ λ πω=  
( 0λ is the wavelength and 0ω represents the beam waist) 
of the fundamental Gaussian wave beam to provide a 

high conversion efficiency[8]. For a high-order gyrotron 
operating mode, the quasi-elliptical reflector could not 
focus the complicated input well in both angular and 
axial directions. Therefore, two adapted phase- 
correcting mirrors are employed to continue focusing 
the output beam and improving its quality, which are 
optimized with the error correction Katsenelenbaunm- 
Semenov Algorithm (KSA)[21]. The main idea of KSA 
is to reduce the error between the propagating beam 
and desired field distribution by introducing a mirror 
deformation, which changes the phase differences, as 
shown in Fig. 4. 
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Fig. 4. Phase shift on a perturbed surface of a phase correcting 

mirror 
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where 1φ  is the phase of one field component 
propagated to one mirror and 2φ is the phase of the 
desired field back-propagated to the same mirror, and 
β is the angle of incidence. 
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Fig. 5. Pictorial illustration of KSA for two phase-correctors 

A pictorial explanation of KSA for two phase 
correctors is presented in Fig. 5. At first, the starting 
surfaces (initial guess) of the phase correctors are 
planer-shaped. In Fig. 5, the initial incident field 
radiated from the quasi-elliptical mirror 1FE and the 
target beam GE at the output window can be regarded 
as linearly polarized. 1FE is propagated through 
(reflected) Mirror 1 and acquires an extra phase change, 
and GE is back propagated through (reflected) Mirror 
2 and also attains an extra phase change. Initially, these 
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mirrors have no perturbations so the extra phase 
changes are zero. Then GE is back propagated to 
Mirror 1, resulting in a field distribution 1BE . 1xΔ is 
obtained by applying Eq. (2), taking as the phase 
difference between 1FE and 1BE , and it is added to 
the perturbation on Mirror 1. This process is repeated 
for Mirror 2, and 1FE with an extra phase 0 12k x βΔ  
is forward propagated to Mirror 2, resulting in a field 
distribution 2FE . 2xΔ is obtained by applying Eq. (2), 
being taken as the phase difference between 2FE and 

2BE , and then it is added to the perturbation on Mirror 
2. These steps can be repeated until convergence is 
achieved, for example, correlation coefficients ( sη and 

vη ) between FE and GE are greater than a chosen 
value. And the flowchart of this algorithm is presented 
in Fig. 7. The target field GE  is a fundamental 
Gaussian mode propagating along the z-direction, and 
can be described as[22] 
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where Gw is the beam waist of the Gaussian mode. 
In the procedure, the beam waist is about 2 mm . 

The correlation coefficients are used to examine the 
convergence of the iterative optimization, for example, 
the scalar correlation coefficient satisfies 99%ηs ≥  
and vector correlation coefficient satisfies 95%ηv ≥ , 
which means that a very high purity Gaussian beam 
output is demanded. Theoretically, the perturbation on 
the reflecting mirror could be obtained by applying Eq. 
(6), in which the phases of forward and backward 
propagating waves are wrapped. Because of the 
wrapped phase varying periodically in the range 
[ , )π π− + , as a matter of fact, it brings out that the 
phase-correcting mirror with complicated perturbation 

may not be manufactured exactly. Hence, phase 
unwrapping technique should be applied to smoothen 
the mirror surface via converting the phase into the 
range ( , )−∞ +∞ , which is referred to as unwrapped. 
After making the phase distributions smooth based on 
the phase unwrapping method, smooth phase shifters 
responding to the deformations of mirrors could be 
created from their differences. The problem of 
unwrapping the phase on the planar-based mirror can 
be treated as two-dimensional (2D) phase unwrapping, 
which has been solved effectively by using different 
kinds of methods[23-24]. In this paper, a 2D quality 
guided path following the phase unwrapping 
algorithm[25] is employed to solve the phase 
unwrapping problem. 
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Fig. 7. Flowchart of iterative algorithm for mirror system 

optimization 

3  Results and Discussion 
Based on the abovementioned method and 
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algorithm, a mirror system has been designed and field 
distributions have been also calculated. The iterative 
algorithm begins to converge after about 30 iterations. 
The profile of QOMC is shown in Fig. 8. Overall sizes 
of the phase-correcting mirrors are about 

240 * 40 mm .  
Output Windows Plane 

Phase Correcting Mirror 1 

Phase Correcting Mirror 2

Quasi-elliptical Mirror

Launcher 

 
Fig. 8. The profile of QOMC 
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Fig. 9. Normalized field distribution at the output window.  

Amplitude and phase distributions at the output 
window calculated by a computer code and simulated 

by the electromagnetic software FEKO are shown in 
Figs. 9-10, which indicates that a well-focused wave 
beam has been obtained. The scalar correlation 
coefficient sη and vector correlation coefficient 

vη used as the criteria for the descriptions of the 
results’ accuracy are estimated as 

2
2 2

1 2 1 2d d dη
⎛ ⎞ ⎛ ⎞

= ⋅ ⋅⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠
∫∫ ∫∫ ∫∫A A A As
S S S

S S S  (7) 

2
2 2*

1 2 1 2d d dη
⎛ ⎞

= ⋅ ⋅⎜ ⎟⎜ ⎟
⎝ ⎠

∫∫ ∫∫ ∫∫A A A Av
S S S

S S S   (8) 

where 1A and 2A are two vectors, which can represent 
the numerical and simulated field components, 
respectively. In above formulae, if 2A is an ideal 
fundamental Gaussian distribution, then sη and vη  
give fundamental Gaussian mode scalar and vector 
contents of the field distribution 1A  and estimate its 
Gaussian mode purity. Finally, the power conversion 
efficiency of the QOMC εη is estimated as 
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Fig. 10. Phase distribution at the output window.  
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where 0P  is total power injected into the launcher, 
E and H represent electric field and magnetic vector 
fields at the output window, and the superscript “*” 
denotes the conjugate of a complex function. 

There is a good agreement between the two field 
distributions. Scalar and vector correlation coefficients 
of the fields calculated by the computer code related to 
the simulation results are given in Table 1. Table 1 also 
gives the power conversion efficiency of QOMC. The 
results show that after being prebunched by the 
Denisov-type launcher, focused and corrected by the 
mirror system, a well-focused wave beam is obtained. 
The power conversion efficiency is 98.5%, and the 
fundamental Gaussian mode scalar and vector contents 
are 99.7% and 97.5%. The corresponding simulation 
results are 97.4%εη = , 99.1%sη = , and 97.3%vη = , 
and the relative deviations between numerical 
calculation and simulation results about εη , sη and 

vη  are 1.1%, 0.6% and 0.2%, respectively. The fact 
that the numerical results yield slight difference from 
the simulation results can be attributed mainly to two 
factors. One is the different ways of meshing and 
solving methods. The other is due to truncation errors 
of the model size that the complicated and irregular 
models of Denisov-type launcher and phase correcting 
mirrors are unable to be directly built, which has to be 
imported from the professional CAD software. 

Table 1 Comparisons between numerical and simulation 

results 

Conversion efficiency Gaussian mode contents
 

εη /% sη /% vη /% 

Numerical result 98.5 99.7 97.5 

Simulation result 97.4 99.1 97.3 

Relative deviation 1.1 0.6 0.2 

4  Conclusions 
Theoretical investigation on a highly efficient 

quasi-optical mode converter for a 0.42 THz-TE17,4 
gyrotron is presented in this paper. The converter 
consists of a dimpled-wall Denisov-type launcher, a 
quasi-elliptical mirror, and two phase correcting 
mirrors. The operation of the launcher has been 
analyzed by using the coupled-mode theory; fields on 
the helical cut and mirrors have been calculated with 

the vector diffraction theory; the phase-correcting 
mirrors have been optimized based on the 
Katsenelenbaunm-Semenov algorithm and phase 
unwrapping technique. A computer code has been 
developed to evaluate the field distributions, which is 
compared with that obtained by using the simulation 
tool FEKO. There are small relative deviation values 
between the results. It shows that the dimpled-wall 
Denisov-type launcher generates a Gaussian radiation 
pattern with low diffraction losses, and the wave beam 
is corrected by the mirror system. A well-focused wave 
beam is achieved with a high Gaussian mode purity 
(scalar content greater than 99.1% and vector content 
greater than 97.3%) and a high power conversion 
efficiency greater than 97.4% at the output window. 

 
References 

[1] THUMM M, KASPAREK W. Passive high-power 
microwave components[J]. IEEE Trans Plasma Sci, 2002, 
30(3): 755-786. 

[2] BOGDASHOV A A, CHIRKOV A V, DENISOV G G, et al. 
High-efficient mode converter for ITER gyrotron[J]. Int J 
Infrared Millim Waves, 2005, 26(6): 771-785. 

[3] BLANK M, KREISCHER K, TEMKIN R J. Theoretical and 
experimental investigation of a quasi-optical mode converter 
for a 110-GHz gyrotron[J]. IEEE Trans Plasma Sci, 1996, 
24(3): 1058-1066. 

[4] THUMM M. Recent developments on high-power 
gyrotrons-Introduction to this special issue[J]. J Infrared 
Millim Teraherz Waves, 2011, 32(3): 241-252. 

[5] VLASOV S N, ORLOVA I M. Quasi-optical transformer 
which transforms the waves in a waveguide having a 
circular cross-section into a highly-directional wave beam[J]. 
Radiophys Quantum Electron, 1974, 17(1): 115-119. 

[6] VLASOV S N, ZAGRYADSKAYA L I, PETELIN M I. 
Transformation of a whispering gallery mode, propagating 
in a circular waveguide into beam of waves[J]. Radio Eng 
Electron Phys, 1975, 20(10): 14-17. 

[7] THUMM M. Recent advances in the worldwide fusion 
gyrotron development[J]. IEEE Trans Plasma Sci, 2014, 
42(3): 590-599. 

[8] JIN Jian-bo, PIOSCZYK B, THUMM M, et al. 
Quasi-optical mode converter/mirror system for a 
high-power coaxial-cavity gyrotron[J]. IEEE Trans Plasma 
Sci, 2006, 34(4): 1508-1515. 

[9] BOGDASHOV A A, DENISOV G G. Asymptotic theory of 
high-efficiency converters of higher-order waveguide modes 
into eigenwaves of open mirror lines[J]. Radiophys 
Quantum Electron, 2004, 47(4): 283-296. 

[10] CHOI E M, SHAPIRO M A, SIRIGIRI J R, et al. 
Calculation of radiation from a helically cut waveguide for 
a gyrotron mode converter in the quasi-optical 



                                           电 子 科 技 大 学 学 报                                 第 47 卷   

 

846

approximation[J]. J Infrared Millim Terahertz Waves, 2009 
30(1): 8-25. 

[11] THUMM M, YANG X, ARNOLD A, et al. A 
high-efficiency quasi-optical mode converter for a 
140-GHz 1-MW CW gyrotron[J]. IEEE Trans Electron 
Devices, 2005, 52(5): 818-824. 

[12] CHIRKOV A V, DENISOV G G, KULYGIN M L, et al. 
Use of Huygens’ principle for analysis and synthesis of the 
fields in oversized waveguides[J]. Radiophys Quantum 
Electron, 2006, 49(5): 344-353. 

[13] JIN Jian-bo, THUMM M, PIOSCZYK B, et al. Novel 
numerical method for the analysis and synthesis of the 
fields in highly oversized waveguide mode converters[J]. 
IEEE Trans Micro Theory Tech, 2009, 57(7): 1661-1668. 

[14] FLAMM J H, JIN Jian-bo, THUMM M. Wave propagation 
in advanced gyrotron output couplers[J]. J Infrared Millim 
Terahertz Waves, 2011, 32: 887-896. 

[15] WANG Wei, SONG Tao, LIU Di-wei, et al. Quasi-optical 
mode converter for a 0.42 THz TE26 mode pulsed gyrotron 
oscillator[J]. IEEE Trans Plasma Sci, 2016, 44(10): 
2406-2409. 

[16] WU Ze-wei, LI Hao, XU Jian-hua, et al. Improved method 
for analyzing quasi-optical launchers[J]. Chin Phys B, 
2014, 23(5): 659-664. 

[17] WANG Wei, LIU Di-wei, QIAO Shen, et al. Study on the 
Terahertz Denisov Quasi-optical mode convertor[J]. IEEE 
Trans Plasma Sci, 2014, 42(2): 346-349. 

[18] STRATTON J A. Electromagnetic Theory[M]. New York 
and London: Mcgraw-Hill Book Company, 1941: 424-468. 

[19] KONG J A. Electromagnetic Wave Theory[M]. New York: 
Wilely, 1986: 376-385. 

[20] IATROU C T. A quasi-optical mode converter with a 
bifocal mirror[J]. IEEE Trans Microw Theory Tech, 1995, 
43(3): 529-533. 

[21] KATSENELENBAUM B Z, SEMENOV V V. Synthesis of 
phase correctors shaping a specified field[J]. Radio Eng 
Electron Phys, 1967, 12(2): 223-231. 

[22] VERDEYEN J T. Laser electronics[M]. New Jersey: 
Prentice Hall , 1989: 53-60. 

[23] PERKINS M P, VERNON R J. Mirror design for use in 
gyrotron quasi-optical mode converters[J]. IEEE Trans 
Plasma Sci, 2007, 35(6): 1747-1757. 

[24] PERKINS M P, VERNON R J. Two-dimensional phase 
unwrapping to help characterize an electromagnetic beam 
for quasi-optical mode converter design[J]. Appl Opt, 2008, 
47(35): 6606-6614. 

[25] GHIGLIA D C, PRITT M D. Two-dimensional phase 
unwrapping theory, algorithms, and software[M]. New 
York: Wilely, 1998, 122-136. 
 

编  辑  刘飞阳 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


